To evaluate whether proposed diagnostic criteria applied to magnetic resonance (MR) images of patients with laryngeal and hypopharyngeal carcinoma may be used to distinguish neoplastic from inflammatory involvement of the laryngeal cartilages.
C
artilage invasion in laryngeal and hypopharyngeal cancer affects classification according to the American Joint Committee on Cancer and the Union Internationale Contre le Cancer and has important implications for treatment and prognosis (1) (2) (3) (4) (5) (6) (7) . Although the correct prediction of cartilage invasion affects the type of surgery (various types of partial voice-preserving laryngectomy vs total laryngectomy), the presence of neoplastic cartilage invasion may also affect the response to radiation therapy, leading to a higher rate of tumor recurrence (2, (5) (6) (7) (8) (9) (10) (11) .
Several investigators (12) (13) (14) (15) have shown that magnetic resonance (MR) imaging has a high sensitivity and a high negative predictive value for the detection of neoplastic cartilage invasion, therefore allowing exclusion of cartilage invasion quite reliably. However, the specificity and positive predictive value obtained with currently accepted MR imaging criteria remain unsatisfactory. The main reason for this drawback is that peritumoral inflammation may mimic neoplastic invasion on both T2-weighted and contrast material-enhanced T1-weighted images, especially in the thyroid cartilage (2) (3) (4) 12) , thereby leading to overstaging and possibly overtreatment of disease.
On the basis of our clinical experience, we hypothesized that in some cases the laryngeal cartilages display higher signal intensity than the soft-tissue component of the tumor on T2-weighted images and that this higher signal intensity within the cartilage tends to correspond to peritumoral inflammation at histopathologic examination, whereas areas of signal intensity within the laryngeal cartilages that are similar to that of the tumor correspond to intracartilaginous tumor tissue. Likewise, we hypothesized that peritumoral inflammatory tissue within the laryngeal cartilages shows stronger enhancement than adjacent tumor. On the basis of these observations, we proposed a modified set of diagnostic criteria for neoplastic cartilage invasion. Our hypothesis was that these new criteria could be used to distinguish neoplastic cartilage invasion from peritumoral inflammation extending into the cartilaginous tissue.
The purpose of this study was therefore to evaluate whether the proposed diagnostic criteria applied to MR images in patients with laryngeal and hypopharyngeal carcinoma may be used to distinguish neoplastic from inflammatory involvement of the laryngeal cartilages.
Materials and Methods

Patients and Tumor Characteristics
The study was based on the retrospective analysis of MR images and histopathologic data in a series of 121 consecutive patients (median age, 63 years; age range, 36 -86 years) with primary squamous cell carcinoma of the larynx (n ϭ 63) or hypopharynx (n ϭ 58) who had undergone MR imaging prior to surgery and for whom results of dedicated whole-organ cross-sectional histopathologic examination of the resected specimen were available. Patient consent for retrospective chart review was waived by the institutional review boards of the University Hospitals of Berne and Geneva. Forty-six patients underwent total laryngectomy, 43 patients underwent pharyngolaryngectomy, eight patients underwent circular pharyngolaryngectomy, 17 patients underwent partial laryngectomy, and seven patients underwent partial pharyngolaryngectomy. According to the guidelines of the Union Internationale Contre le Cancer (1) for postsurgical or pathologic classification (pT staging), the 63 laryngeal tumors were classified as pT1 (n ϭ 4), pT2 (n ϭ 8), pT3 (n ϭ 29), and pT4 (n ϭ 22), and the 58 hypopharyngeal tumors were classified as pT1 (n ϭ 3), pT2 (n ϭ 11), pT3 (n ϭ 11), and pT4 (n ϭ 33).
MR Imaging Protocol
All MR imaging studies that were available for retrospective chart review had been obtained at 1.5 T and
Advances in Knowledge
Ⅲ In assessing potential neoplastic infiltration of laryngeal cartilage at MR imaging, the T2-weighted and gadolinium-enhanced T1-weighted signal intensity should be compared with the signal intensity of the adjacent tumor on the corresponding sequences: If the cartilage displays higher signal intensity than tumor, a diagnosis of peritumoral inflammation within the cartilage is suggested; if, however, the cartilage displays a similar signal intensity to tumor, neoplastic cartilage invasion is suggested. Ⅲ The use of the diagnostic criteria proposed in this study significantly improves the specificity of MR imaging for the detection of cartilage invasion (P Ͻ .001) without affecting its high sensitivity; distinction between tumor and peritumoral inflammatory tissue might therefore be made more accurately.
Implication for Patient Care
Ⅲ On the basis of our preliminary experience, these proposed diagnostic MR imaging criteria may facilitate the distinction between patients with and those without neoplastic cartilage invasion, a distinction that may be useful for treatment planning. 
Histologic Evaluation
Whole-organ histologic slices parallel to the plane of the axial MR images were available for retrospective review. These slices had been obtained every 3-4 mm through the entire surgical specimen and had been processed according to a technique described in other publications (8, (12) (13) (14) (15) (16) (17) (18) . At histopathologic examination, the thyroid, cricoid, and arytenoid cartilages were considered to be invaded if the perichondrium was invaded, if there was intracartilaginous tumor spread with preservation of the outer perichondrium, or if there was major cartilage destruction with tumor in the extralaryngeal soft tissues. In addition, all cartilages were evaluated with respect to the presence or absence of inflammatory changes (peritumoral inflammation), new bone formation, erythropoietic bone marrow, and fibrosis. All histopathologic slices were retrospectively reviewed by a pathologist with 25 years of experience, and the MR imaging findings were then correlated with histopathologic findings at the respective anatomic levels.
Diagnostic Criteria
The MR imaging criteria that were used for the diagnosis of neoplastic invasion of laryngeal cartilages in this study are defined below.
In a first step, all laryngeal cartilages were evaluated by using the criteria that have been established and used by previous investigators (2, 3, (5) (6) (7) 9, (12) (13) (14) (15) . The established ("old") criteria for neoplastic invasion of ossified and nonossified hyaline laryngeal cartilages are summarized in Table 1 .
With our proposed ("new") diagnostic criteria for distinguishing tumor invasion from peritumoral inflammation, the signal intensity of the cartilage is compared with the signal intensity of the adjacent tumor mass outside the cartilage, which is used as an internal reference standard. If the cartilage has a similar signal intensity to the adjacent tumor mass on T2-weighted images, or if-after injection of a gadolinium chelate-a similar enhancement is seen in the cartilage as in the adjacent soft-tissue component of the tumor, the cartilage is considered to be invaded by tumor. However, if the cartilage has a higher signal intensity than the adjacent tumor on T2-weighted images and if a stronger enhancement is present after injection of gadolinium chelates, the abnormal signal intensity behavior of the cartilage is regarded as indicative of peritumoral inflammation without associated tumor invasion. The difference between the signal intensities of the tumor adjacent to the cartilage and the cartilage itself was assessed visually without specific region of interest measurements, as the signal intensity of the soft-tissue component of the tumor was used as an internal reference standard at each corresponding anatomic level. These proposed criteria are also summarized in Table 1 .
Evaluation of Data
The MR images were retrospectively reviewed and evaluated by two head and neck radiologists (M.B. and J.W.C., Note.-Established criteria are described in references 2, 3, 5-7, 9, and 12-15.
* Distinction between tumor and peritumoral inflammation was made on the basis of visual assessment of the different signal intensities at each corresponding anatomic level by using the signal intensity of the soft-tissue component of the tumor as an internal reference standard.
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Radiology: Volume 249: Number 2-November 2008 with 15 and 20 years of experience, respectively) in consensus according to the diagnostic criteria listed in Table 1 .
No clinical information was available to the reviewers at the time of image interpretation, and they were blinded to the identity of the patients and to the results of histopathologic analysis. In a first step, they read all MR images and evaluated each of the laryngeal cartilages (thyroid, cricoid, and arytenoid) by using a combination of T1-and T2-weighted images according to the established criteria ("T1/T2 old") and according to the new criteria ("T1/T2 new"). In a second step, they read all MR images by using a combination of nonenhanced and gadolinium-enhanced T1-weighted sequences according to the established criteria ("T1/T1 ϩ Gd old") and according to the new criteria ("T1/T1 ϩ Gd new"). To avoid interpretation bias, the time interval between each of the four readings was at least 6 months. A fivepoint scale for receiver operating characteristic (ROC) analysis was used for each combination of criteria as follows: a score of 1 indicated definitely negative; a score of 2, probably negative; a score of 3, possibly positive; a score of 4, probably positive; and a score of 5, definitely positive for neoplastic invasion.
Statistical Analysis
MR imaging data were analyzed statistically in two ways: with sensitivity, specificity, positive predictive value, and negative predictive value tables and with ROC curves. This statistical approach was based on a review of the literature (12, 13, (19) (20) (21) (22) (23) . For the calculation of sensitivity, specificity, positive predictive value, and negative predictive value, scores of 5 (definitely positive) and 4 (probably positive) were combined with scores of 3, which were considered as possibly indicating neoplastic invasion. We chose to use a confidence level of 3 because at our institution in a given clinical situation, "possibly positive" would be more likely to be considered a positive finding than a negative finding. For comparison of the different pulse sequence combinations in the thyroid and cricoid cartilages, the McNemar test on sensitivity, specificity, and accuracy was performed by using software (StatXact, version 2.01 for UNIX; Cytel Software, Cambridge, Mass) (17) . For the same comparisons in the arytenoid cartilage and in all cartilages together, a generalized linear mixed model was applied to take into account the correlation between multiple cartilages in the same patient by using software (SAS, version 9.1 for Windows; SAS Institute, Cary, NC). A computer program (ROCKIT, beta version 0.9.1 for Windows 95; Charles E. Metz, PhD, Department of Radiology, University of Chicago, Chicago, Ill) (20) was used to calculate the binormal ROC model parameters for each combination of MR imaging pulse sequences and to compute the ROC curves and the areas under the ROC curves (A z values). The index A z is generally accepted as the best measure of accuracy for a diagnostic mo- dality. ROCKIT was also used to test the difference between the ROC areas for the two sets of criteria, taking into account the correlation between readings with two methods of the same image. P Ͻ .05 was considered to indicate a significant difference.
Results
Correlation between MR imaging and histopathologic findings was available 
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The overall prevalence of intracartilaginous inflammation without associated intracartilaginous tumor was 41%.
Correlation between MR Imaging and Histopathologic Results
MR imaging results for the detection of neoplastic infiltration of the thyroid cartilage, cricoid cartilage, and arytenoid cartilage and for all cartilages together for scores of 5 (definitely positive), 4 (probably positive), and 3
(possibly positive) are summarized in Table 2 . For all criteria and in all cartilages, the true-positive MR imaging assessments corresponded to major or minor neoplastic invasion of the cartilage (Fig 1) , and the false-negative MR imaging assessments were caused by microscopic perichondrial invasion or (only rarely) by minor intracartilaginous tumor spread (in two arytenoid cartilages). All false-positive MR imaging assessments made by using either the old (Figs 2, 3) or the new diagnostic criteria were caused by various degrees of inflammatory changes within the cartilages, including plasma cell infiltrates, lymph follicles, microscopic areas of fibrosis, bone and cartilage remodeling, and increased vascularization and edema, but no evidence of invasion. The true-negative MR imaging assessments with both the old and the new criteria corresponded to noninvaded cartilages T2-weighted fast spin-echo MR image (4400/80) obtained at same level as a shows that the tumor (T) has moderately high signal intensity, while the adjacent thyroid lamina (arrow) has much higher signal intensity than the soft-tissue component of the tumor itself. (c) T1-weighted spin-echo MR image (420/12) obtained after intravenous administration of contrast material shows enhancement of the tumor mass (T) and stronger enhancement of the thyroid lamina (arrow) relative to the adjacent tumor mass. According to the old diagnostic MR imaging criteria, neoplastic invasion of the thyroid cartilage should be suspected (Table 1) . According to the new criteria, the most likely diagnosis is inflammation of the thyroid cartilage without neoplastic invasion because the signal intensity on b is higher than that of the adjacent tumor and the enhancement of the thyroid cartilage is stronger than the tumor enhancement. Note large necrotic lymph node metastasis on the left ‫ء(‬ in a-c). 
Statistical Comparisons between Combinations of Pulse Sequences
Statistical comparison of the results of different combinations of MR imaging sequences for scores 3-5 (Table 2) showed that there was no significant difference between the old and the new criteria in terms of sensitivity (P Ն .32). However, T1/T2 new and T1/T1 ϩ Gd new showed a significantly higher specificity for all cartilages considered together (P Ͻ .001 and P Ͻ .002, respectively). The increase in specificity was highest in the thyroid cartilage (P Ͻ .001) and was less evident in the cricoid (P ϭ .01) and arytenoid (P ϭ .05) cartilage. When we compared T1/T2 new with T1/T1 ϩ Gd new, there was no significant difference in sensitivity or specificity (P Ն .27).
The ROC curves for all cartilages considered together and the corresponding A z values for the old and new MR imaging criteria are shown in Figure 4 showed the following: (a) the A z for T1/T2 new was significantly larger than that for T1/T2 old (P ϭ .01), (b) the A z for T1/T1 ϩ Gd new was significantly larger than that for T1/T1 ϩ Gd old (P ϭ .01), and (c) there was no significant difference between the A z for T1/T2 new and that for T1/T1 ϩ Gd new (P ϭ .99). The ROC curves did not cross, which satisfies an important criterion for the use of the A z measure in this comparison (22,23).
Discussion
The MR imaging findings of neoplastic invasion of the laryngeal cartilage that are currently used have been established with variable technical parameters (0.6 T vs 1.5 T), variable methods (in vitro vs in vivo studies), and relatively small numbers of cases (12) (13) (14) (15) . In all studies published so far, to our knowledge, the diagnosis of neoplastic cartilage invasion at MR imaging was mainly based on the criteria that are currently widely accepted and that we have termed "established" or "old," as summarized in Table 1 (2,3 ,5,6, 12-15) .
Results of our current study, which was performed in a large series, confirm that the established MR imaging criteria may lead to false-positive results in a considerable number of instances, because reactive inflammation, edema, and fibrosis in the vicinity of the tumor may display similar diagnostic features as cartilage infiltrated by tumor. The specificity of MR imaging with the established criteria was particularly poor for the thyroid cartilage, in which peritumoral inflammatory changes were most common, and was moderately high in the cricoid and arytenoid cartilages, in which peritumoral inflammatory changes were less common ( Table 2) . Although results of the present study showed that sensitivity with the new criteria was very good for the thyroid and cricoid cartilages, it was somewhat lower for the arytenoid cartilage. This was due to the presence of a higher number of cases with microscopic invasion.
The use of our modified (new) diagnostic MR imaging criteria enabled us to significantly increase the specificity (P Ͻ .001) in assessing neoplastic cartilage invasion without affecting sensitivity (Table  2 ). This was possible because the use of the new criteria often enabled us to distinguish between tumor and peritumoral inflammation, thus leading to a significant reduction of the number of false-positive assessments. The significant increase in specificity (P Ͻ .001) was most striking in the thyroid cartilage, where inflammatory changes are most common.
Analysis of our ROC curves indicates that the new MR imaging criteria are more accurate than the old criteria, although the observed increase in A z was quite small. Because statistical comparison between T1/T2 new and T1/T1 ϩ Gd new showed no significant difference between these two pulse sequence combinations, assessment of neoplastic cartilage invasion may thus be performed with T1-weighted or T2-weighted sequences, and the administration of gadolinium chelates may not be necessary for this purpose.
Results of the current study indicate that only laryngeal cartilages with a similar signal intensity relative to tumor on T2-weighted images or similar enhancement on gadolinium-enhanced images as the adjacent tumor should be regarded as invaded by tumor, whereas cartilages with a higher signal intensity on T2-weighted images and a stronger enhancement after injection of gadolinium chelates should not be considered to be invaded. MR imaging may therefore be used for a more precise selection of the appropriate surgical procedure, which is influenced not only by the local extent of tumor but also by the presence or absence of cartilage invasion.
Some limitations of our study were related to its retrospective design, such as the absence of fat-saturated sequences. However, most results published in the literature on cartilage invasion in squamous cell carcinoma of the larynx and hypopharynx (2, 3, 5, (8) (9) (10) (11) (12) (13) are based on the use of a combination of T1-weighted, T2-weighted, and gadolinium-enhanced T1-weighted images, and fat-satura- tion techniques have so far not been used routinely in this area. In the only study to our knowledge in which fatsaturated MR images were compared with histologic findings, Atula et al (24) reported an accuracy of 50% and a high rate of false-positive and false-negative findings. Although fat saturation was not included in the MR imaging protocols of our retrospective study, it is possible that the addition of such sequences might further enhance the signal intensity difference between inflammatory and neoplastic cartilage changes. It could therefore be worthwhile to include additional fat-saturated sequences in the protocol of a future prospective study.
In our study, visual analysis of the signal intensity of laryngeal cartilages was performed by using the adjacent tumor mass as an internal reference standard, and no specific regions of interest were measured. Although this may be a straightforward way of comparing differences in signal intensity of the tumor and the adjacent cartilages in clinical practice, future prospective studies could include additional region of interest measurements to confirm our findings. Results of our study may have an impact on T staging, because neoplastic cartilage invasion changes the T stage (1) . The presence of neoplastic cartilage invasion may also influence the choice of treatment (partial vs total laryngectomy or radiation therapy). Recently, Ljumanovic et al (25) have shown that the signal intensity behavior of the laryngeal cartilage at MR imaging was correlated with the prognosis after radiation therapy of glottic squamous cell carcinoma. An intermediate signal intensity of cartilage on T2-weighted images was correlated with a less favorable response, whereas a high signal intensity on T2-weighted images did not affect local control (P Ͻ .001). Therefore, the authors suggested that intermediate signal intensity might correspond to neoplastic cartilage invasion, whereas high signal intensity might correspond to inflammatory tissue. Results of our current study may support this hypothesis.
In summary, results of our study support the hypothesis that visualization of higher signal intensity on T2-weighted MR images and stronger enhancement in the cartilage compared with the adjacent tumor suggests peritumoral inflammation within the laryngeal cartilage, whereas a similar signal intensity on both T2-weighted and contrast-enhanced T1-weighted images corresponds to intracartilaginous tumor. Thus, the diagnostic MR imaging criteria we propose have the potential to improve the distinction between tumor tissue and peritumoral inflammation. 
